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A.  Statement  of  the  Problem  Studied 

The  T-matrix  and  other  theoretical  scattering  techniques  were  used 
to  investigate  the  scattering  features  of  dielectric  particles. 
Calculations  -for  nonspherical  particles  which  are  1  arger  than  the 
wavelength  of  the  incident  beam  were  of  particular  interest.  Specific 
problems  which  were  studied  included  determining  the  scattering  matrix 
for  randomly  oriented  spheroidal  particles,  calculating  the  intensity 
at  the  surface  and  internal  to  absorbing  and  nonabsorbing  particles, 
and  determining  the  resonance  features  of  slightly  distorted  spherical 
particles. 

B.  Summary  of  Results 

1.  Information  Content  of  the  Scattering  Matrix 

Extensive  calculations  for  spheroidal  particles  have  shown  that 
the  frequency  content  of  the  phase  function  PI  1  is  related  to  particle 
volume  and  that  a  parameter  derived  from  the  depolarization  ratio 
1-P22/P11  is  related  to  particle  shape.  This  was  the  first  attempt  to 
relate  the  physical  characteristics  of  particles  to  their  light 
scattering  features  in  an  organized  way.  These  results  should  be 
useful  in  deducing  the  physical  features  of  rod-like  and  disk-like 
particles  from  their  measured  scattering  matrices. 

2.  Scattering  Calculations  for  Finite-Length  Cylinders 

The  T-matrix  method  was  used  to  make  the  first  scattering  matrix 
calculations  for  a  finite-length  cylinder.  Specifically,  results  were 
obtained  for  an  absorbing  4:1  rod-like  cylinder  which  was  about  two 
wavelengths  in  length.  The  physical  characteristics  conformed  to  a 
plastic  cylinder  for  which  measured  results  had  been  obtained  at  the 
Space  Astronomy  Laboratory  at  the  University  of  Florida.  The 
calculated  and  measured  results  were  almost  identical.  These  results 
show  that  the  T-matrix  method  will  be  useful  in  solving  scattering 
problems  for  particle  shapes  other  than  spheroids.  It  is  important  to 
note  that  calculations  for  either  absorbing  or  nonabsorbing  cylinders 
of  differing  axial  ratios  can  easily  be  made  with  no  changes  to  the 
computer  program.  The  only  limitation  is  that  the  T-matrix  solution 
may  not  converge  for  cylinders  of  very  low  or  very  high  axial  ratios. 

3.  Multiple  Scattering  by  Parallel  Dielectric  Fibers 

A  closed-form  solution  for  the  scattering  by  two  parallel 
dielectric  cylinders  (originally  due  to  Twersky)  has  been  used  to 
investigate  the  coupling  between  parallel  glass  fibers  as  a  function  of 
fiber  size  and  separation.  It  was  found  that  the  coupling  is  strongly 
dependent  on  the  orientation  of  the  fibers  relative  to  the  incident 
wave,  with  end-on  illumination  giving  the  strongest  coupling  and 
broadside  illumination  giving  the  weakest  coupling.  Specific 
calculations  of  the  backscatter  efficiency  for  two  fibers  which  are  of 
resonant  size  show  that  the  resonant  wavelength  shifts  as  the 
separation  between  the  fibers  decreases,  and  the  resonances  are 
completely  damped  when  the  fibers  touch.  The  conclusion  is  that  fibers 
of  resonant  size  will  have  the  greatest  internal  and  external 
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near -f i e 1 d  intensities  when  they  are  isolated  or  ■far  removed  from  other 
f i bers . 

4.  Intensity  Within  and  Around  Dielectric  Objects 

The  spatial  distribution  of  the  near-field  and  internal 
electromagnetic  intensities  were  calculated  and  experimentally  obserued 
for  dielectric  cylinders  and  spheres  which  are  large  relative  to  the 
incident  wavelength.  Two  prominent  features  of  the  calculated  results 
are  the  h i gh- i n tens i ty  peaks  which  exist  in  both  the  internal  and 
near-fields  of  these  objects,  even  for  nonresonant  conditions,  and  the 
well-defined  shadow  behind  the  objects. 

5.  Resonance  Spectra  of  SI i gh t 1 y-Def ormed  Spheres 

Spectral  calculations  of  scattering  efficiency  vs  size  parameter 
show  that  numerous  additional  resonance  peaks  occur  when  a  sphere  is 
only  slightly  deformed  to  an  equal-volume  spheroid.  This  result  may  be 
important  in  predicting  the  enhanced  intensities  which  would  result 
when  a  liquid  spherical  droplet  is  slightly  distorted,  for  example,  by 
an  incident  h i gh- i n tens i ty  laser  beam.  Although  the  reason  for  the 
additional  resonances  can  qualitatively  be  explained  by  considering  the 
numerous  new  paths  which  are  available  for  surface  wave  propagation 
when  the  sphere  deforms,  a  quantitative  explanation  can  be  provided  by 
the  form  of  the  T-matrix  method  which  is  used  to  calculate  the  results. 
The  T-matrix  is  diagonal  for  spherical  particles,  which  gives 
one-to-one  coupling  between  incident  field  modes  and  scattered  field 
modes.  When  a  spherical  particle  is  deformed,  off-diagonal  terms 
appear  in  the  matrix,  which  results  in  mode  coupling.  This  mode 
coupling  is  responsible  for  the  additional  resonance  peaks  which  appear 
in  the  scattering. 
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